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Project Overview and Initial Utah Pilot
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OPIOID EPIDEMIC
• >700,000 drug overdose deaths, 1999-2019 

(>70,000 in 2019)
• >60% involve opioids
• 130 deaths from opioid 

overdose/day
• Deaths from Rx opioid

↑ 6x since 1999
https://www.cdc.gov/drugoverdose/epidemic/index.html
https://www.cdc.gov/nchs/products/databriefs/db329.htm

https://www.cdc.gov/drugoverdose/epidemic/index.html
https://www.cdc.gov/nchs/products/databriefs/db329.htm


CDC PRESCRIBING GUIDELINE
• For opioid use for chronic pain outside of active 

cancer treatment, palliative care, or end-of-life care

https://www.cdc.gov/drug
overdose/
prescribing/guideline.html

https://www.cdc.gov/drugoverdose/prescribing/guideline.html


CDC OPIOID DECISION SUPPORT PROJECT
• Goal: provide point-of-care support for CDC 

Guideline for Prescribing Opioids for Chronic Pain
• CDC-sponsored effort.  Contributors: ONC, AHRQ, 

Yale, Indiana University, Duke, Security Risk Solutions, 
Epic, Cerner, and many others.

• Approach:
– Leverage health IT standards for representing clinical 

knowledge & integrating into EHR
– Pilot with multiple healthcare organizations and EHR 

products

https://www.cdc.gov/drugoverdose/prescribing/guideline.html


STANDARDS-BASED DISSEMINATION
• EHR data retrieval: HL7 FHIR 

– FHIR = Fast Healthcare Interoperability Resources

• Guideline knowledge representation: HL7 CQL
– CQL = Clinical Quality Language 

• EHR workflow integration: HL7 CDS Hooks
– CDS = clinical decision support

• EHR app integration: HL7 SMART 
– SMART = Substitutable Medical Apps, Reusable Technologies

• Key enabler: EHR vendor support for these standards



Determining when to initiate or continue opioids for chronic pain
1. Opioids are not first-line therapy
2. Establish goals for pain and function
3. Discuss risks and benefits 

Opioid selection, dosage, duration, follow-up, and discontinuation
4. Use immediate-release opioids when starting
5. Use the lowest effective dose
6. Prescribe short durations for acute pain
7. Evaluate benefits and harms frequently

Assessing risk and addressing harms
8. Use strategies to mitigate risk
9. Review PDMP data
10. Use urine drug testing
11. Avoid concurrent opioid and benzodiazepine prescribing
12. Offer treatment for opioid use disorder

Source: https://www.cdc.gov/drugoverdose/pdf/guidelines_at-a-glance-a.pdf

https://www.cdc.gov/drugoverdose/pdf/guidelines_at-a-glance-a.pdf


OVERVIEW OF PILOTS
• Pilot with Custom Infrastructure: University of Utah

– With SMART on FHIR and custom CDS Hooks infrastructure layered 
on top of Epic Best Practice Advisory Web service infrastructure

– Recommendation #5 (lowest effective dosing)

• Pilot with Native EHR Infrastructure, #1: Epic / Yale
– With CDS Hooks, recommendations #10 (drug testing) & 11 (benzo)

• Pilot with Native EHR Infrastructure, #2: Cerner / Indiana U.
– With CQL in population health management platform
– Recommendations #10 and 11

• Pilot with Native EHR Infrastructure, #3: Epic / Duke
– With CDS Hooks, recommendations #10 and 11



For Epic aspects: ©2019 Epic Systems Corporation. 
Used with permission.



©2019 Cerner Corporation. Used with permission.



CDS Standards Overview and Use for
Standards-based Knowledge Artifacts

Bryn Rhodes
Principal

Dynamic Content Group



Quality Improvement Ecosystem

1. RESEARCH, PAYER 
& PUBLIC HEALTH 

SURVEILLANCE

What is happening 
and why?  

2. GUIDELINES 
(Professional Societies, 

CDC, etc.)

What SHOULD happen. 
What do we want to 

happen? 

6. REPORTING

• Public Health 
• Quality
• Safety

3. CLINICAL 
DECISION 
SUPPORT

MAKING it 
happen within 
local workflow.

5. MEASUREMENT 
ANALYTICS

What DID happen? What 
processes and outcomes 
have been achieved? 

Patient, provider, population, public

4. CLINICAL 
CARE
Clinician and 
Patient 
Workflow.



Current Guideline Development and Implementation

Research 
Results

Literature 
Review

Long Implementation Time

Guideline
Narrative

Develop guidelines Interpret guidelines

Performed by up to 96% of ~5500 hospitals

Implement guidelines

Performed by up to 86% of ~355,000 MDs

https://dashboard.healthit.gov/quickstats/quickstats.php

Meta-
analysis

Slide courtesy of Maria Michaels, Centers for Disease Control and Prevention

https://dashboard.healthit.gov/quickstats/quickstats.php
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Adapting Clinical Guidelines for the Digital Age:
Redesigning Guideline Development and Implementation

CURRENT STATE PROPOSED FUTURE STATE

Guidelines

CDS
Patient Care

10s-100s of 
translations

100s-1000s of 
translations

Guidelines
Informatics
Communications
Implementation
Evaluation

Concurrent 
guideline 
development 
and translation 
& upfront 
planning

Lo
ca

l I
m

pl
em

en
ta

tio
n

Pa
tie

nt
 C

ar
e

Inconsistent (or nonexistent) 
feedback loop

Consistent feedback 
loop

https://www.cdc.gov/ddphss/clinical-guidelines/index.html

CQMs

Slide courtesy of Maria Michaels, Centers for Disease Control and Prevention

https://www.cdc.gov/ddphss/clinical-guidelines/index.html


Translating Evidence to 
Executable CDS

Adapted from: Boxwala, AA, et al.. A multi-layered framework for disseminating knowledge for computer-based decision support. J Am Med Inform Assoc 2011(18) i132-i139. 

Knowledge 
Level

Description Example

L1 Narrative Guideline for a specific disease that is written in the format of a peer-
reviewed journal article

L2 Semi-
structured

Flow diagram, decision tree, or other similar format that describes 
recommendations for implementation (HUMAN READABLE)

L3 Structured Standards-compliant specification encoding logic with data model(s), 
terminology/code sets, value sets that is ready to be implemented 
(COMPUTER/MACHINE READABLE)

L4 Executable CDS implemented and used in a local execution environment (e.g., 
CDS that is live in an electronic health record (EHR) production 
system) or available via web services



Requirements to Running Code
T1

 –
D

at
a

T2
 –

Lo
gi

c
T3

 –
Fo

rm
s

L1 – Narrative L2 – Semi-Structured L3 – Structured L4 – Executable

Narrative questions
Paper forms

Guideline narrative

Glossaries
Indicator descriptions

Use Cases
Personas
Wire frames

Questionnaire (SDC) User-interface Forms

Workflows
Decision Trees
Triggers

Terminologies
Data Dictionary
Indicators

Library (CQL)
ActivityDefinition
PlanDefinition

CodeSystem
ValueSet
StructureDefinition
Measure

Application Services
Health Record 
Systems
Decision Services

Systems of Record
Registries and 
Exchanges
Data Services



Quality Improvement Standards

QI Core

CQL

Implementation Guidance  Authoring Guidance

FHIR

Specification Implementation

Producers Consumers

Interactions

Guidance, Care 
Gaps, Reports

Providers
Patients
Care Givers
Clinical Systems
Patient 
Engagement
Healthcare Systems
Labs and Imaging

CDS Services
Aggregators
Clinical Registries
Public Health 
Agencies
Population Health

Specifiers
Quality Agencies
Government Agencies
Industry Consortiums
Clinical Professional 
Societies

Rules, Libraries, 
Measures



Fast Healthcare Interoperability Resources

Resources – Building blocks (provide syntax)

Profiles – Usage descriptions (provide semantics)

Protocol – Defines interactions

http://hl7.org/fhir



Layers in FHIR

FOUNDATION CONFORMANCE ADMINISTRATION CLINICAL REASONING



Universally applicable resources and guidance

US Realm specific profiles

Quality Improvement focused

Use case focused

FHIR

US Core

QI Core

Content

C
on
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t-b

as
ed

 D
ef
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on
C

onsensus-based Prom
otion

Data Model Standards



Clinical Quality Language

Health Level 7(HL7) standard designed to:
• Enable automated point-to-point sharing of executable clinical knowledge
• Provide a  clinically focused, author-friendly, and human-readable language

Currently a Standard for Trial Use (STU) publication

http://cql.hl7.org 23

CQL

http://cql.hl7.org/


CQL is a Query Language
Decision support and quality measurement are fundamentally calculations, i.e. 
some formula, expressed in terms of clinical data elements, that results in a 
value

CQL uses the concept of expressions to represent these calculations

Expressions can be simple values, or they can be sophisticated queries 
involving many different operators, functions, and references to other 
expressions

The key is that every expression returns a value, and every value is of some 
type



Recommendation #10 Snippet
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Recommendation #11 Snippet
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Recommendation #11 – Detected Issue
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Quality Improvement Standards

QI Core

CQL

Implementation Guidance  Authoring Guidance

FHIR

Specification Implementation

Producers Consumers

Interactions

Guidance, Care 
Gaps, Reports

Providers
Patients
Care Givers
Clinical Systems
Patient 
Engagement
Healthcare Systems
Labs and Imaging

CDS Services
Aggregators
Clinical Registries
Public Health 
Agencies
Population Health

Specifiers
Quality Agencies
Government Agencies
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https://www.cdc.gov/drugoverdose/prescribing/guideline.html

https://www.cdc.gov/drugoverdose/prescribing/guideline.html


http://build.fhir.org/ig/cqframework/opioid-cds-r4/

http://build.fhir.org/ig/cqframework/opioid-cds-r4/


• Functional 
Description

• Process Flow
• Computable Content
• Test Cases
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CDS Hooks
http://cds-hooks.hl7.org

Originated from the 
team behind SMART

Published HL7 standardOpen source via the 
Creative Commons 

Attribution 4.0 license



CDS
Services

EHR Med Order

Toprol XL
50 mg daily℞

EHR triggers a CDS hook and 
invokes a remote service

1

2
CDS Service executes
its own rules, leveraging 
FHIR data as needed

EHR
FHIR 

Server

3
Returns CDS cards

(rendered and displayed by EHR)

$200 per month
(patient pays $30)

Try Propranolol instead
Switch to Propranolol

Managing hypertension?
Launch JNC 8 Rx Pro

information card

suggestion card

smart app link card



CDS Hooks Integration

EHR
order-select

Clinical Reasoning Implementation

PlanDefinition
CQL Libraries

$apply 
operationCDS Hooks API

CDS Hooks Request 
with Patient Data

CDS Hooks Response

CarePlan with 
RequestGroup



Pilot #1 (Epic, Yale, CDS Hooks)

Nitu Kashyap, MD, FAMIA
Associate CMIO

Yale New Haven Health



Outline
• Background on Yale and EHR journey

• Previous work on CDC opioids guideline – history

• Prior work on recommendation #8, native EHR tools
• Some details, opioid registry
• Lesson: took a long time, if this was 12, would have taken a really long time

• Current pilot
• Overall data flow diagram, CQF ruler, local Epic install
• Technical requirements / pre-requisites
• Recommendation #10 and #11 – what it looks like (just #11), workflow around it
• Challenges and lessons learned (from report out)
• Where we stand, where going next

36AMIA 2019   |   amia .org



Yale New Haven Health & Yale School of Medicine

$6.7B 
revenue*

2,681
beds

271
care sites

7
hospital 

campuses

7,113
medical staff

26,000 
employees 

462,998
ED visits

172,105
inpatient admits

2.7M
ambulatory 
encounters

2,021 active
research studies

691,930
unique patients 
FY19



Yale Opioid Decision Support Journey

2015

2017

2019

CDC/ONC 
Opioid Common 

Elements Model (Rec 1)

CDC Opioid 
(Rec 5,6,8)

CDC/SRS 
Shareable CDS
(Rec 10 and 11)

2016 CDC 
Prescribing Guideline

2018 Yale Opioid 
Stewardship



2015: When to Consider Opioids, Alternatives
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Did it work?
Sites live – 3
# total fires – 1394
Alert driven actions – 186 (~13%)



2017: Quantify Dose with MME, Rx Naloxone
Yale opioid registry 

Prime Contract OPM 1912 C O0023
Task Order Number O0022



Chronic Opioid Use and MME Calculation

• Identify long term opioid use: opioid 
dispenses covering 84 days in the past 90 
day period. 

• Off the registry: last dispensed opioid runs 
out and no more dispense  for 30 days.

• Calculate MME: most recent dispensed 
opioids daily quantity and CDC conversion 
table. Med dose x freq. x conversion factor

https://www.cdc.gov/drugoverdose/pdf/calculating_total_daily_dose-a.pdf

https://www.cdc.gov/drugoverdose/pdf/calculating_total_daily_dose-a.pdf


Multiple CDS Modalities

43AMIA 2019   |   amia .org

Rec 6: Default dispense for all opioids to 
approx. 3 day supply

Rec 5: Calculate MME, display in reports

Rec 8: Interruptive alert if MME >50
Event-condition-Action to support 
Naloxone prescriptions



CDS for Recommendation 8
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Early Success: Resident Clinic

• Nursing and pharmacist driven Opioid management program

• 148 patients receiving chronic opioids for non-cancer pain

• BPA fired 166 times. 43% action rate

• Results: 100% of these patients had a naloxone prescription and 
patient/family education documented on naloxone

CDS impact in last 6 months:
427 patients, 525 alerts
173 (40%) patients orderset opened



Lessons
• Meticulous work

• Guideline interpretations to design CDS: needs experts

• Time consuming to get logic right

• Significantly more effort on Usability and User expectations

• Local ownership helps adoption

• Shareable and executable logic for recommendations would be helpful



2019: Pilot Shareable and Executable Logic
Purpose

To evaluate the feasibility and assess the required level of local technical expertise 
needed to implement shareable clinical reasoning module (CQF Ruler) according to the 
CDS Hooks specification directly within EHR workflow. 

Scope

1) To demonstrate shareability and executability of the clinical reasoning module (CQF 
Ruler) to support recommendations 10 and 11. This involves installing a local instance of 
the CQF Ruler based on documentation provided, as well as validating other standard 
terminology artifacts in Yale’s Health IT ecosystem.  

2) Use CDS Hooks from Yale’s Epic instance to connect to the clinical reasoning module 
(CQF Ruler) and create test patients in the EHR to demonstrate execution of CDS based 
on CQF Ruler logic. 

Prime Order Number: HHSP233201800320G



Nuts and Bolts: The Set Up

Local implementation of CQF-Ruler
Provision dedicated server (VM) per CQF-Ruler requirements * inside YNHH DMZ 
network
Setup a backup routine 
Validate external access to CQF-Ruler server  
Setup the enviroment to support CQF-Ruler
Install CQF-Ruler and required dependencies 
Internal validation of CQF-Ruler installation 

Epic Interconnect Setup
Create an Epic Interconnect queue
Setup an E0A Record 

Epic EMR setup
Create Best Practice Alert (BPA) criteria rules
Link BPA to created CDS Hooks web service



Overall Data Flow
Project kick-off

Prepare local environment for CQF-ruler 
deployment

Deploy CQF-ruler

Upload clinical terminologies bundle

Upload clinical Rec #10 and #11 bundles

Evaluate SNOMED, LOINC and RxNorm mapping  
between EMR and CQF-ruler

CQ
F-

Ru
le

rt
ea

m

Feedback on CQF-ruler deployment challenges 

Fix and optimization of CQF-ruler deployment 

YN
HH

te
am

Feedback on terminologies deployment. Request for unified bundle

Unified clinical terminologies bundle

Local findings and mapping mismatch

Test of CDS-services Rec#10 and #11 via REST API
Testing Feedback 

CDS-services update

Prepare Epic EMR interconnect server for 
integration and establish connection  

Report discovered integration challenges 

Update to CQF-ruler to fix discovered technical issues

Epic EMR and CQF-Ruler CDS-Hooks specification 
and FHIR standard integration

FHIR Standard implementation mismatch (multiple instances) 

Update CQF-ruler to fix FHIR standard implementation mismatch

Test of CDS-services Rec#10 and #11 from Epic EMR

EP
IC

CQ
F-

Ru
le

r

Diagrammatic representation of performed activities illustrating the dependencies and sequential nature of the tasks.  



©2019 Epic Systems Corporation.  Used with permission.



Challenges and Resolutions
Challenge Description Resolution

FHIR mismatch Difference in FHIR resources b/w 
EHR vendor and CQF ruler, version 
skew and asynchronous updates

CQF ruler updated

Guideline logic updates End-of-life meds Branch removed from CQF logic

Functionality Gaps Capabilities to create a  scalable 
product

Feedback to CQF team

Standards and Terminologies Local adoption of standard 
terminologies

Validation included as part of project 
plan

Personnel Issues Time and skills at local sites Task to role defined. Improve task  
documentation. 

Performance Issues EHR performance maybe impacted 
when processing data in live systems

Consider performance during CQF 
design, future ability to do “load 
testing”. 



Lessons Learned
1) Shareable CDS has the potential to reduce the time taken to develop, test 

and deploy CDS >> expedite guideline adoption.  

2) Local skills are still required for deployment and maintenance of artifacts. 
The depth of skills and time commitment can be reduced.

3) Multiple systems undergoing asynchronous upgrades adds to the 
complexity. 

4) Vendor and SME engagement is critical to progress at this early stage. 

5) Include test patient(s) and testing script as part of CQF instruction package. 



Next Steps

• Continue to work on guidelines >> CQL logic with experts

• Iteratively improve clearinghouse functionality

• Clinical Implementation
• End user engagement
• Study impact/utility



Pilot #2 (Cerner, Indiana University, CQL)

Cole Erdmann
Director, Clinical Intelligence

Cerner



Background to strategy
• Background on the project and Cerner’s to support management of opioids

• Workflows and Integration of knowledge

• Lessons Learned

• Next Steps for the project
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What is Cerner doing to enable this

56AMIA 2017   |   amia .org

Opioid 
Toolkit

Knowledge 
Execution



• Care Pathways based on VA/DoD 
chronic pain guideline, ALTO project, 
CDC Prescribing guideline, etc.

• MME/MED calculation and analysis
• Integrated referral management

• Clinical Decision Support for 
opioid-related adverse drug 
events (ORADE)

• Standardized pain management 
contract and workflow

• Sedation monitoring (e.g. POSS)

• Induction of suboxone at point of care
• Prescription Drug Management Program 

(PDMP) Integration
• Preventive Substance Use Disorder screening
• Opioid Use Disorder Predictor (ML model)

Define 
Goals

Analyze

Impact

• E.g. Manage pain effectively
• E.g. Reduce reliance on opioid pain 

releivers

• Chronic pain patients with relationship 
with pain provider

• Adoption of evidence-based practice

• E.g. Reduce over-prescribing
• E.g. Eliminate opioid-related 

adverse drug events (ORADE)

• Inpatient over-sedation analysis
• Variance in post-op pain management
• Top opioid prescribers

• E.g. Identify individuals at risk for 
substance use disorder

• E.g. Refer to treatment more 
quickly

• Education and care offered after overdose in ED
• Delay between referral to treatment and 

appointment scheduled
• “No Show” treatment appointments

Cerner Opioid Toolkit

Pain Management Opioid Safety Substance Use Disorder



Execution testing and data flow

Build/ Train/ 
Analyze

Data

Model RepositoryCQL Authoring 
System

HealtheIntent
Execution

Build/ Train/ 
Analyze

• Unit Testing
• Integration 

Testing

Data

Model RepositoryCQL Authoring 
(External)

• Value Sets
• CQL Artifact
• Test Patients

HealtheIntent
Execution and 

Workflow 
Integration

HealtheDataLab

Cerner HealtheIntent



Bunsen – Enable FHIR execution

https://engineering.cerner.com/bunsen/0.4.6/
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Bunsen 
release

Spark 
version FHIR

0.4.* 2.3 STU3, R4

0.3.0 2.2 STU3, R4

0.2.0 2.2 STU3

0.1.0 2.1 STU3

https://engineering.cerner.com/bunsen/0.4.6/


Sprints 

Sprint 1
Technical implementation

1. Integrate CQL Logic into 
IU Health’s data in Cerner 
HealtheDataLab

2. Test integration with IU 
Health population data

Sprint 2
Clinical User Testing

1. Design mock environment 
and user testing script

2. Conduct interviews and 
analyze responses

Project work was divided 
into two Sprints. 



Demo of the data

61AMIA 2017   |   amia .org



You are in a clinic visit with one of your patients. She is a 65-year-old woman you have 

been seeing for 5 years. She has long-term chronic hip and knee pain from osteoarthritis. 

She has been on a relatively stable dose of hydrocodone/acetaminophen (Norco) 

throughout the time you have been treating her, with a few small increases over time. She 

is generally an easygoing and responsible patient from your experience. She has never had 

an aberrancy in a prescription drug monitoring program (INspect) check or urine drug 

screen (UDS). Today’s visit is a routine 3 month pain visit to refill her prescription. You’re at 

the point of the visit where you would place your orders. 

Clinical Scenario described to user group
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Insert Health Maintenance 
Recommendations screen here









Opioid Alert for High Risk Patients 
Concurrent use of any opioid with any benzodiazepine or sedative

High daily doses of opioids (greater than 50 morphine milligram equivalents)

Underlying mental health disorder

Respiratory disorder

Renal/liver disease or other related disorders

Any active illicit drug use

History of opioid overdose or over-sedation

Use of Long-acting medication in naïve patient



Lessons Learned
Three recommendations that would have improved our integration experience 
are: 

1) including the entire query in the CQL artifact rather than referencing shared 
queries or external data sources; 

2) publishing test patients alongside CQL queries and value sets; and 

3) defining explicit intent behind how and why specific CQL functions are used 
in the knowledge artifact. 

4) Clinicians have low tolerance for alerting inaccuracies and prefer passive 
rather than interruptive alerts.
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Next Steps
Cerner is making recommendations 10 and 11 available for clients

There will be two incremental progress releases between now and then to 
provide support for the newly added operators. 

We are still working to validate data on the implementation with IU Health 
patient population data from HealtheIntent and return analytics and aggregate 
results to the rest of the team.

IU team will continue to recruit IU Health primary care providers and PharmDs 
to get more feedback about how best to implement a clinical decision support 
tool to support opioid prescribing

72AMIA 2017   |   amia .org
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of the US Department of Health and Human Services, the Centers for Disease 
Control and Prevention, the Office of the National Coordinator for Health IT, or 
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